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#2 0 0 1-0 9 .0 7 1 1, 

rmsA^sx 1 0 ^ [cni"^])b^e>2 X 1 0 1 ® [cin~^]®igfflT?fey, m 

^•5^nXA>f ^^ig«M®^SA^5 [nin]*>f,4 0 [n m] <Z)«ga*e^ U > talBM^ 
U(D^^(Dkim^(Dmtmi)'^0 .0 2 [nin~^]*^e>0.1 5 [n m~ ^ ] ©^ffl"^ 

l^jb^GalnAs, GaNAs, GaAsSb, GalnNAs, GalnAsSb, GalnNAsSb® V>-rtVj&^"^fe€> 

[0 0 0 1] 

^%m\t. ^mi^-^M-^^^V^'KM^ (DBR : Distributed Bragg Reflecto 
[0 0 0 2] 

mmznLxmm.:^mz^%. ^m'r^\^t>yp^mn%\y-'^m^ (vcse 

L:Vertical Cavity Surface Emitting Laser; If 
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2 0 0 1 — 0 9«<0 7 1 1. 

[0 0 0 3] 

ttiE?LCD Jt^^»*^M < , ^mi^^9- U ^miZ T' ^ S >^ A >r ^/^CD 3}<7^ > ^ 
[0 0 04] 

>^/1-f (MAlf. Photonics Technology Let 

ters Vol.3,No.7, 1991 p. p. 591-593 #M) . 
[0 0 0 5] 

m^mvf^^niz^^x. n^m.ui^i&mt?> t.\^ommitm^nx\i^&%(D<D 

. zl®^«$:+4>^c#sfc^?)<Z)^i#f^cov^T^if^L<«lf^StlTV^;S;v^. 
[0 0 0 6] 

^^$:J:y^me5lc<gMLfe^#fif:4J-^^^^yi^Hi^^ (M^^l-e) . 

mi^^^':r^y^BLM^^^m^^^-izm\>^:s>z.t:x% m^mm(Dm.m. 
8) . mmm^u—^m'f-^m^^tc.i&mmnijx-mm^mff^-^mtjtmnyt^mi^ 
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#2 0 0 1—0 9.'0 7 1 1. 

[0 0 0 7] 
[lis Sr^l^-r S «) ® 

[0 0 0 8] 

r © J; e> f^m^ i" -S 3 i: T% n x A>f ©Mm^^x :^ ;i/ 4r - S: 

moymn=i-^:sL%j\j^-'\zmmz^^^^%.^^\L^r^x. ^■^zT'^v^bm^ 

® «^^*t: <£M $ * ^ 3 i: X)^ T ^ ^ o 
[0 0 0 9] 

(2) m^^2Um.<r>%mx. lt*^l^cfev^T. '\7^D::^yN°>f^j|g»Mi 2(d 
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#2 0 0 1 — 0 9.0 7 1 1. 

m^^M <g^i- <5 :i i: A'^ ^ s „ 

[0010] 

(3) »:^3g3ffi^(D^Wtt, If^iSl *:ttt2^cfev^T, ^^zf^v^Km^ 

[0011] 

^^i^m<0\H. A> K^^»y:;fx:^«.;i/^-*M>S«:M (M-^ttGaAsM 1 3) 

5^ n X 7t >f ^ mmm ® MJI? I I ® if^y^WM-^ -5 V ^ \t^WM t B 

[0 0 12] 
[0 0 13] 

(4) m^m4:mm(Dmmit. :e>:^p>^^^y^/';Sit^^AiGaAs^#j|B^'e^ 

[0 0 14] 
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#2 0 0 1 — 0 9 ' "0 7 1 1 • 

b zi b T v% s o 

[0 0 15] 

^^i^m. is^zj^^y'ui^A^ ^mmm 1 2<D^^vrmmt>^Bx i o ^ [c 

m~^]-/)^^2X 10^^ [cm~ ^]<DmmX$>^J. ^t^D X/t-T ^^^tfM 1 2 
©^S*^ 5 [nm]3&^P>4 0 [nml^lgH-e^y. MJ^IKO^^OAlM^^^fb 
mi)^0,0 2 [nm~ l]A>e>0. 1 5 [n m~ ^ ] ©4gffl-e^S«|^i: bfc3 i: 

^^bTv>s. r3T% «iOAiM^feM^s^^$:> irAi^fifigM^^= immmiz 
iBi-t^kimm (0-1) (D^itm) /(dl)j i:^^t--5o 4>^>^^^y^'Mltll«: 
•^tf/\7^nx/\°>ri'^SfMl 2®#A^:;l-t?-S:J:M®|gHlc^^^ri:{Cj:y 

[0 0 16] 
[0 0 17] 

1 ;3rM 6 a^isf^mii^^m'f'^ v ^B.mm%. ^'tut.j^^^ ^m.mm<DAy 
y^^u-yr^ }\y^. m-nrj^mj^n-^-f. m^^i7b^4:\zmm-^nx\>^^^^\z 

So zLtiizjz^x. m^<Dmi¥mmff^^<^jtv. M^fi*tt<s^-rso tit. m 

[0 0 18] 

(8) m^^8m.m<D^m\t. m^^lJbm6iZi5\f^X. CalnAs, GaNAs, GaAsS 
b, GalnNAs, GalnAsSb, GalnNAsSb 0\,^-fM^(DU^iZj;:^X^i^M^^^Ltc 
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[0 0 19] 
[0 0 2 0] 

[0 0 2 1] 

, G3iksshum^tity<x^m^/^zyy^^mmMi!)'^iz^<. 9,^^(0^^ -a- :7u - 

[0 0 2 2] 
[0 0 2 3] 

(9) m^m^mmcommit. M^^7^i:tjf8<z)®^)fei/— ^f^^s:Mv^TM 

tiTV\ezih*^e), i&f^«ffi;^^{g<, •M»«;^J}^)V^$v^„ #ic, TU 
[0 0 2 4] 
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#20 0 1 — 0 9 „0 711.. 

(1)^1 <Dmmm<m^m i , 4 > 

[0 0 2 5] 

ST'^-So -^^zT^-y ^RM^^m^-r^^i^mit. AUsMI 1 ^CaAs^l 3T' 
^»;, z:tie>©M^lcAlGaAs;^j|545j)>e>«;5^7^n:;^/^-f ^yj^«Ml 2;?)^^J-te)tl 
Tvxs„ ^^y^ 1 (a) lCa^-r«;2|s:^Jt^Mii^i«f{C2 6MttS 

[0 0 2 6] 

M O C V D ^StC J: tt. MMgS:M3|8f:^>^>«gAlC J: o T W^JC 

& ^ ^ -5^ n X -r M®» f^l^ -t S z: i: j&t T ^ -5 „ 

[0 0 2 7] 

^fc, 01 (b) tt. 01 (a) (D-^mzf^y^Rm^(DGiiksmi 3^ AlGaAs 
/\5^n::^/^>f ^M«M1 2, ^j;OfAlAsMl l (3DA> Kx:^;i/^-$:^bfe=fo® 

[0 0 2 8] 

rr-e. GaAsMi 3i:AiAsMi i®isctt, m^mi<Dmmmt.Lx. mn=f- 

[0 0 29] 

01 (b) *^0 2®^^!5feo=bco^M^oTv^SJt^i. ^5^n:x.>''?-f i^M^Mi 

^^:n:^)l:3f^^^t^(Dm^^ 2^<DmiZ^'orm^h. SbtCGaAsMl 3 IC^ 
t-Sfi!l®M«^^:i:*;i/=^~^^b^S:. AlAsM 1 1 fCg?t-'5M®M«^'^x^;i' 
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.^:II(^)MSS:a^l/Tv^s„ 

[0 0 3 0] 

X<DAy\^^^^y•:f^l:^JV^-^tmm^zMLXmMLX\t^:S>) o t^^oT, AlGaAs 
^KDmMmilVX. AlGaAs^^3|^^coV^TAlafl^M^^^S:«V^T^^•rS%)<D 
[0 0 3 1] 

mSit. AlAs/GaAs#MfcJ?§ 2 0 nnKOggi (a) , (b) CD«l3tS:^fS 

n X A>r ^ mmm i 2 SrlEtrt fe^tfMltm^S 1 . 3 ^tt m© 4 /^Tp-^-^:;^^ 
^^S:, irAlffi^M^^= (MJi^I|^lCfel:fSAljffi^ (O'-l) <Dmit&) /(dl) 

J ii^a-rs. ^^izmmi(Dkm^m^m%mm^jih<DiiLx^m-r^. 

[0 0 3 2] 

X^^-:fuy hLX\i^^o ^"rUT./-^^ ^mmm^^t$^^':f^y ^Rm^<D^ 

[0 0 3 3] 

mmm^mit. mmi(Dm^(di) tmmmmmf3^^-MmizW:^:s>o ^MtcGaAs 
mis tkiksM 1 1 0mzmmm^m^m 1 2 ^m\i-fr:zm^(Dkm^m^mt 0 

.0 5 [nm~ ^JT?^*;, Zltltt. EI3®Aj#JC^:t-5, 
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# 2 0 0 1 «- 0 9 "0 7 11- 

[0 0 3 4] 
[0 0 3 5] 

04 it. AlAs/GaAslC ^^^^-^T^ y ^*Mlt^^5^n#ffiOD|^^«S4;^II®MS 

M^Uit(omminttji^i5t\^<Dx. :i<DkiksmmK^^-t^i^^tjt7.A^^^. 

[0 0 3 6] 

^^>(^i)m^'t^kiksmm<^mmmm^m^mzm^^'&t:i^tizMmhx\^& 

^~^m-tmb(D^oiz. mmizkimm^mmizmt^-^r^m'^ (mm) izit^ 
T. :^m:mm(D^t>izGiiksmi s<Dkmmm.mm^±^<vt:im^ mm) <o:^ 

[0 0 3 7] 

01 (a) x\t. km^^mm\zm.vc.^'^rc. AiM^M^^*^iiJa;s2o®M 
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#2 0 0 1 -0 9„0 7 11. 



y./"^^ ^mmmi 2^. m7(Z)<i:e»ic3oje/^_h(Z)M*^e>«^$nfe=fo(5!)-e$>oT 

[0 0 3 8] 
[0 0 3 9] 

$e)lC, HlOlljfeM-eii, AlGaAs^;^^p[•^c•OV^TM$:^bfe*^ ZLCOfiSlC^ 

4 7C**)P|-Tfey, AlInPMJ^®JtiniC#oT, AlGaAs^lC^ll-SAlMmc^ifint 
l^«(Z)MlRlS:^"to AllnPfg^O . 7 *-eitinUfe^^if?$: 

ffi«^#a::^;i/:^-liAlInPjffi^©itilIlcMbl^#lC#|®lC^it>-t&o tJ! 
oT, AlGaInPMi^^lC^V%Ttt, AlInPM^®M^gf^S:±IBil l^s^lC^ff-rS 3 

[0 0 4 0] 

• m 1 ©HMM (lt*3g 1.4) <D^m • ^« 
A> K^3*i^fc®S"rs^^DX/t>r i^lii{c^Mtj=^iIii<Z)jrt;vNAlAsMMi?0^ 

[0 0 4 1] 

^^mzmmzmit-^^t=.m^\zit^x7.jt>( f;-m-^^^m.'^:bz.t.i)!^x^^. 
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[0 0 4 2] 

i&\i^:^^:f^ V ^KM^^n^ ^Hif^X^^. frflBOD^^:/^ ^RM^it^iz 
0.8 5 fim^V^^a^mmytU-ifm^lzm^f^^tl. 'iltlfe#tt5:=boTV^S 

[0 0 4 3] 

(2) m2<Dmmm<m^m2> 

a:e>ic, mm<om^^m<i^. ^(bizmmi(ommm^m^iz^<t^izm\'K 

[0 0 4 4] 

, $ e> {c:9-^ ^;Riif ^® ^ <SM-r S ^ ^ S „ 

[0 0 4 5] 

(3) ||3®^Jfe^<^^:«3> 
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[0 0 4 6] 

[0 0 4 7] 
[0 0 4 8] 

CMi^ll<z>Aijffi^M^^®^-^lc, @/J^lt?:i:>&oTv^sri:A^^Jb^S. 01 1 
[0 0 4 9] 

[0 0 5 0] 
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[0 0 5 1] 
[0 0 5 2] 

lzmitVX\e^^^^miiM<> 01 2©J:e)^c#i^0^?^oT*Kv^„ l^^tc, Ga 

it. ^mmt^fj^-^^mmiz^mizmt-t^^oizv^ mmu(D^^(Dkmmm. 

[0 0 5 3] 

[0 0 5 4] 

[0 0 5 5] 

(4) m4(D|imM<»^:^5> 



mHi^ 2002-3035050 



#2 0 0 1—0 9.0.7 1 1. 

mmm i <Dmmmvit. ^^^^ v ^''BLMi^o^un^hiG^ks^umzhr^m^ 

[0 0 5 6] 

MKm^pt^o es&oT. AiGainp;^5|8|.^jcfev%T«, knn?m!^<Dmmm^±mii 

[0 0 5 7] 

AlGalnP^^JI^tt, 7l> K^-V V Zf:J^:^J]/^'-miG^ks^mnKit^Xi<i^ < 
(^^ZT^V ^S.m^(D^m.iUf^:J^:^/U^-i!)'i:k^^^) > M^it. 6 5 0 nm5^ 

^<D»summci5i'f^m.m(Dm.^^Kmmii hxm^^^^nii^x^^. Aicainp^ 

UnXit. GaInPS:M14Mi:bTMV%Sri:lCj:oT6 5 0 nm^<D^n^n^ 
[0 0 5 8] 

m^nmmi:jf)mm^nx\,^^. m±it. m^m5<D^^':f^y^Kmi/k^m\f^ 
m-t^^m^\y—^m^<Diikmm^^'-iihx. nm^^^m-f^y ^i^m^^m 

[0 0 5 9] 

(5) m5<Dmmm<m^^6> 
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#2 0 0 1-0 9.0 7 1 1. 

3 m®AlAs/GaAs 4 Krp-^^':f^ y ^RM^UVX^i^^. ^M'f'yV^B.m 
[0 0 6 0] 

5X10l'^[cm~2]. 2xi0^^[cm"^]) i:, ^"rU y^A>f ^ mmM 
[0 0 6 1] 

LT 5 X 1 0 ^ [cm" ^] S:^^•^V^S„ ^fc, jS&lClgf ^S^-^iCtt. #IC 
pM^#f*ci?.31&iRJR*^0^i:3&€>CDi?. zi4x55^fp^i?^e_tlSffii:LT2x 1 
0 1 ^ [cm~^] 
[0 0 6 2] 

[0 0 6 3] 

mmmi 2izj;:^m^ti^-t^izm^ti^m^iiLx 5 [nm]&.±i!jmmx:&^. 

[0 0 6 4] 

mmizmt^i^tcmmm^Mizit^x. mmm(Di&m'^'^mx';^^^tf)'i^f)^^ 
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#2 0 0 1 — 0 9.0 7 1 1.. 



[0 0 6 5] 
[0 0 6 6] 

mmzit^m<D^^vrmmf}^m^m^B-tmmxK\,^izm^jt^x\^^x 

^zf^y^Rm^mzmmizm^^^tix\>^x%m\'K 01 2icm*rj:^ic 
, iim^m^tmi)^^mmx:&^x^m\'\ 

[0 0 6 7] 
[0 0 6 8] 

• m 5 (Dmmm m^m e > (?)f^M • 
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4^2 0 0 1 — 0 9*0 7 1 1" 

[0 0 6 9] 

[0 0 7 0] 

(6) m6(Dmmm<m^iM.7> 

m^^i aymmmnhx. mi 4:<Dmn%iy-ifm^^m\'^xmm-t^„ mit 
u-ifm'f'(Di^m^miz'D\^xm.mt^o 

[0 0 7 1] 

01 4 (Dmn^ly—^m^it. 9B-r. m:&iSL (l O O) ®n-G a A s««2 

*o. 8 5As$:4 0 mmmmvr=.n-i^mi^^m^^y ^Rmm2 i ^mm\^r=. 

mM<Dyt^mm-^it. d/ (;i/n) nrj:^. 
mzr>\^-^kiQ 1 gGaQ Q ^ksmi)^^t3t^Pkm^::^^—^-m2 2, 

[0 0 7 2] 

■?-L/T-^0±JC. C K-::^® p -AlAshZ n K->^P -AIq 1 5GaQ 35 
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#2 0 0 1 — 0 9-0 7 1 1' 



^mz2 emmmmi^r^c *fe> «-hisii. p-a^q. 15^*0. 35 

[0 0 7 3] 
[0 0 7 4] 

Hizit, TMA (hU ^5^;i/T>n/^— ^^A) , tmg ihV:^^}Ui^v^J^) , 
TMI (hU:ji5^;i/>f>s;'>A) , AsHg (r;i/$/>) , PH3 (7;*-X:7>f 

[0 0 7 5] 

> (H + ) Mftf{c<fcoTJm#ji msmap) m^$l^^ap$:?^^b;to 

o mSIS^^tCKLTtt, ^3*'r^llJ6#!|7® J:•5^CAl(Ga)AsM®3g#l^^bS:ffi^^ 
fz.WmmW&^n\^X^%\i^. mV(\Z^\^X\%. ^^4M*^J|6^^CInGaAs^S:MV^ 

^-^ICli, 6 5 0 nvi\.^<r>^^^^%\y-^^^^%^Z.iLiS^X^^. ) 
[0 0 7 6] 

$:?^^L:/^o *^^T'tt. '\7^n;«.y\°>f ^^M^Ml 2(cJ:y^^«Jn:75)^<BMb. 
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[0 0 7 7] 
[0 0 7 8] 

[0 0 7 9] 

(7) S7©||JgM<M#JS8> 

m^^s(Dmmmt.vx. mi ^(Dm^^u—^m'^^m^^xmmt^o mit 
iy—*fm^(D^'pm^miz-D\>^xMm-t^o 

[0 0 8 0] 

01 b<Dm^ytl^-^m'f'it. ^•fm:^^ d O O) CDn-Ca AsS^KS 0 
±iZ^m^^7i = l , 3 /tim® l/4 3l&^e©^3CDSeK~:/AlAsi:SeK-:/GaAsi: 

{CT> K-yGaAsMA^^«;^^ig^:^'<— !f-M3 2, 3 4 dtllC^^t 
GalnNAs (7 nm) /GaAs ( 1 5 n m) 3M*^#^?g1$M3 3 ^j^MLifeio 
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#2 0 0 1'— 0 9 0 7 1 1 

[0 0 8 1] 

^LT-e®JllC, CK-:/(Z)p-A1q gGao. i Asi: Z n K- p -GaAs^: 
[0 0 8 2] 

mmvitrjt<. m^mmm(DkUsmm.m^mmms 5^mHt=.. rc^i^. AicaAs 

±x^^u7.n^ ^wmmi 2*^^ite>tiTv>So rz:*e*^#^tgttM3 3® 

InM^tt3 .7%. N (M^) jffl^tiO. 5%i:Lfco 
[0 0 8 3] 

-^(D^mt^m^t^mmizit, tma (hv :^^nyrjv^=.^j^) , tmg c 

hy:)l^>«/:^U^7A) , TMI ( h U jjl^/b^f >>:;i^A) . AsHg (T;i/e/> 
) , PH3 {-7 it y.-7 >( ^) , -?-bT^^©MJf4JcttDMHy (i;?^ ^;i/t: 

$:Mv\3t. DMHyli^M-^r^^^^-r-S^-es 0 OiCJ[j;T0DJ:^J^IB^a^« 

[0 0 8 4] 

*fcZ:®MT'li, Ga I nNAsM 3 3 5 4 0 r T'^;g 

[0 0 8 5] 
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#2 0 0 1 — 0 9.0 7 1 1" 



[0 0 8 6] 

o 

[0 0 8 7] 

:S:^lC3Ky>r^ K mmm) a 8-e:I:-/^>e^T*liS?*Ufc^4^S:««)^i^•^¥ 
iZ^mmB^m^X pmmms 9 S:?^^L/, CaAs^^gS 0(Oaffi{Cn<fflS=^4 0 
[0 0 8 8] 

, ferric J; oT> ^m(Dm^izit^m^mmif^Fsmx$>^r=. 

o 

[0 0 8 9] 

2tC||JgM®^^liGaAs^^±tC#^$:fTofez:^lCJ:oT. AlGaAs^# 
oT?^^StlSAlOxlili5VNSifii|i'|4S:;g^bTV>-S„ «!oT, *^d^®J:^lC, AlGa 
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a 

[0 0 9 0] 

:^mmmxitGzksmwi±(D^m^u~'^<DmtLx. m^mumcG^in 

Msm^^m^^t=.i)K ZLOm^^. CaNAs, GalnAs, GaAsSb^© 3 ^M^^'^^lf 
tlSc $e>{C, 3lX^<7)MS*e^S, GalnAsSb, GalnNAsSb^^MV^S^ ilA^T? 

ltMM%GaAsJgj^^®Mj|Bf^ffiv^szli:J^)^t?#s. tt=.. m^<omm 

MOCVD^lC^S%®1?liJ&<> MB E^^S:MV^Tf^$gStlfe%;®T'feoT 
[0 0 9 1] 

tl^cpss=fe;(Z)T'^v^, #-*^#Ffll^g> z:s»^#^«3t, ^(Dfifio^FfS:?: 

[0 0 9 2] 

• m 7 ©iijgM m^m 8 ) • mm 

W^^8(Dm^^U—^m^lt. GalnAs, GaNAs, GaAsSb, GalnNAs, GalnAsSb 

, G^lnMsSbM^^m^mUmlLr^:ltX\ GaAs^;K±jc^VNT 1 .3 yttm^© 

[0 0 9 3] 
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#2 0 0 1^0 9-0 7 1 1" 

[0 0 9 4] 

oT?^^$tlSAI0x^il^V^$fei^'(4$:;tbTV^^, ^oT, 2|s:^^© J; e) AlGa 
As^^Jp^ J: S >y ^MIJ^, <fc mi As® ^>fb#»;b> ^tji^ m^mmmM 

[0 0 9 5] 
[0 0 9 6] 

(8) ms(Dmmm<m^m9> 

[0 0 9 7] 
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[0 0 9 8] 

mmmmni^-sim^mm^^m^iy'-yi'ru^ (^^3^9) ^mmx^^o 
[01] 

31:^ 0*^?*> S . 

[02] 

[03] 

AlAs/GaAs|?.®lc^$ 2 0 n m<Z)0 1 CD^jt^r^-T'S^T^nx A>r 
[04] 

AlAs/GaAslc ct S^^:/^ ^MIJ^'XT^nl^S^^^IS^^^®^*^:^:!::^^ 
[05] 
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#2 0 0 1 — 0 9*0 7 1 r 

[07] 

[09] 
[010] 

AlAs/GaAs|^®lCj^$ 2 0 n m®0 1 ©Hjt^^-tS'^T^n >^>7^>f i^^^M S: 

[011] 

AlAs/GaAs#ffilC^$ 2 0 n m®0 1 (D||Jt$:^-t<5'\'5^n X/^•>f 

[012] 
[013] 
[014] 
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m2 0 0 1—0 9.0 7 1 1. 

mi 5] 

imi6] 

1 0 : GaAs^^^ 
1 1 : AlAsM> 
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